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PATENT 

ATTY. DOCKET NO.: BSC-201 
System for Maintaining Body Canal Patency and Method Thereof 

Technical Field 

[001] The invention generally involves devices, such as stents, that are useful for 

maintaining the patency of a body canal, their delivery systems, and related uses. 

Background Information 

[002] The ureter is a fibromuscular tube that conveys urine from the kidney to 

the bladder. The ureter begins with the renal pelvis and enters the bladder at an area 
called the trigone. The bladder trigone is the triangulated area between both ureteral 
orifices and the bladder neck. A normal length for an adult ureter is approximately 16 to 
18 inches. 

[003] Ureteral stenosis, stones in the ureter, and other medical conditions call for 

the use of a ureteral stent or prosthesis. Currently available types of indwelling ureteral 
stents are variations of the same basic tube structure. The outer and inner diameter, and 
the size of the drainage holes or the retention elements that are to be placed in the kidney 
and bladder vary among the known stent types. None of the known ureteral stents 
adequately address the pain generally associated with an indwelling ureteral stent. 

[004] Ureteral pain associated with a stent is thought to arise from the following: 

1) contact between the stent and the mucosal lining of the ureter, or, especially, with the 
bladder trigone; 2) flank pain from vesico-ureteral reflux which occurs primarily during 
voiding; and 3) irritation caused by the stent in the intramural tunnel of the urinary 
bladder wall which is 1-2 cm proximal to the ureteral orifice. 

[005] After an invasive surgical procedure to remove a kidney stone from a 

patient's ureter, the lining of the ureteral lumen tends to be swollen and inflamed. Post- 



surgical stent placement, therefore, poses a particular challenge in terms of patient 
comfort. 

[006] Pain and discomfort associated with indwelling stents or prostheses is not 

unique to the ureter. Other body canals, for example, blood vessels such as the coronary 
vessels, and bile ducts, can also benefit from a new stent design that alleviates the pain 
associated with stents while maintaining the patency of the body canal. 

[007] In addition, an interventional device such as a stent that can better 

accommodate the anatomy of body canals is needed. Such a device would not only 
conform to the shape and length of a body canal, the device would also adjust, preferably 
automatically, to changes in the shape and length of the body canal that occur, for 
example, during normal bodily functions. 

Summary of the Invention 

[008] It is an objective of the invention to provide a patient, male or female, with 

a flexible device designed to maintain the patency of a body canal while minimizing the 
pains and discomfort commonly associated with an indwelling device. Such body canals 
include and are not limited to the ureter, the urethra, the bile duct, the esophagus, the 
intestine, the colon, and blood vessels. 

[009] The invention achieves its objectives by minimizing mucosal contact 

between an interventional device and a targeted body canal and preserving the natural 
tortuousness of the body canal. For example, by keeping the ureter in its natural tortuous 
state after implanting an embodiment of the invention, ureteral reflux is effectively 
prevented during voiding. Specifically, the invention provides an elongated device that 
include a plurality of discrete loops linked through multiple flexible connections where 
the loop members can move in multiple directions in relation to another. 

[0010] The invention provides an interventional device that has an end-piece at 

each end and an elongated body portion in between. The body portion has multiple 



interconnected loops that are sized to fit within the targeted body canal. Each loop is 
made of a member that defines at least one opening. And each loop is linked to at least 
another loop through passing its member through at least one opening in another loop. In 
a particular embodiment, at least one loop member passes through the openings of at least 
two other loops. In another embodiment, at least one loop member passes through one or 
two loop openings. 

[001 1] The loops in the device according to the invention minimize mucosal 

contact with the body canal. The flexible connections between the loops also allow the 
elongated body portion to conform to the anatomy of a body canal without compromising 
the tortuousness of the body canal. Additional flexibility in conforming to the anatomy of 
a body canal may result from using a radially compressible material for at least part of the 
body portion. Also because of the flexible connections between the loops, the 
longitudinal length of the body portion is adjustable, i.e., the body portion is axially 
compressible. The loops may assume various shapes and structures. 

[0012] The body portion may further include a non-loop segment such as a 

tubular segment. Preferably, the non-loop element has an uneven surface that may help 
prevent stenosis after the device is implanted in a body canal. The non-loop element may 
further be made of a radially compressible material. 

[0013] The end-pieces may serve as a retention device. In a particular 

embodiment, an end piece is substantially spherical and prevents migration of the 
interventional device once properly positioned. 

[0014] In another embodiment of the invention, a drug-dispenser is associated 

with the device of the invention. The drug-dispenser may be a drug-releasing plug or 
disk, or a coating on at least a portion of the device. 

[0015] Another aspect of the invention relates to a delivery assembly that can be 

used to deliver an interventional device to a target site in the body. According to this 
aspect of the invention, a stylet is reversibly attached to a proximal end-piece of the 
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interventional device and lends sufficient rigidity to the device that once the stylet is 
pushed up a body canal, it advances the interventional device along with it. In one 
embodiment where the stylet is used to deliver the interventional device of the invention, 
the stylet is free of the body portion and the distal end-piece of the device. In one 
embodiment, the stylet is reversibly attached to the proximal end-piece of the 
interventional device through a luer linkage. In another embodiment, the proximal end of 
the stylet is a malecot which assists in the attachment of the stylet to the proximal end- 
piece of the device of the invention. 

[0016] Embodiments of the invention may include additional features. For 

instance, a retrieval suture may be attached to the distal end-piece of the interventional 
device of the invention to assist the removal of the device from the body. The device of 
the invention may also be made of a biodegradable material, eliminating the need for 
removal. The device may further include a radiopaque marker. The device may be made 
of a biocompatible material such as a polymeric material or a metal. 

[0017] A method is provided for retaining body canal patency in a patient, which 

comprises inserting the interventional device of the invention into a body canal and 
positioning a prxoimal end-piece at one end of the body canal such as the kidney and a 
distal end-piece at the other end, such as the urinary baldder. 

[0018] The foregoing and other objects, aspects, features, and advantages of the 

invention will become more apparent from the following description including drawings 
and from the claims. 

Brief Description of the Drawings 

[0019] In the drawings, like reference characters generally refer to the same parts 

throughout the different views. Also, the drawings are not necessarily to scale, emphasis 
instead generally being placed upon illustrating the principles of the invention. 



[0020] FIG. 1 is a schematic view of an embodiment of an interventional device 

according to the invention. 

[0021] FIG. 2 is a schematic view of another embodiment of an interventional 

device according to the invention. 

[0022] FIGS. 3 A and 3B illustrate various embodiments of non-loop segments in 

the body portion of a device according to the invention. 

[0023] FIGS. 4A-4G illustrate various embodiments of the loops according to the 

invention. 

[0024] FIG. 4H illustrates a cross-sectional view of a loop member of the device 

of FIG. 4G taken at line "4H-4H." 

[0025] FIG. 41 illustrates the device of FIG. 4G with drug-releasing plugs or discs. 

[0026] FIG. 5A illustrates a cross-sectional view of the body portion of the device 

of FIG. 1 taken at line "5A-5A." 

[0027] FIG. 5B illustrates a cross-sectional view of the proximal end-piece of the 

device of FIG. 1 taken at line "5B-5B." 

[0028] FIGS. 6A-6D illustrate various embodiments of the end-piece of the 

interventional device according to the invention. 

[0029] FIG. 7 illustrates an embodiment of the invention positioned in the lumen 

of the ureter of a patient. 

[0030] FIG. 8 illustrates an embodiment of the device with a delivery assembly. 

[0031] FIG. 9A illustrates an embodiment of a delivery assembly according to the 

invention. 



[0032] FIG. 9B illustrates another embodiment of a delivery assembly reversibly 

attachable to the interventional device according to the invention, with the delivery 
assembly detached from the interventional device. 

[0033] FIG. 9C illustrates the delivery assembly of FIG. 9B with it being attached 

to the interventional device. 

[0034] FIG. 9D illustrates another alternate embodiment of a delivery assembly 

reversibly attachable to the interventional device according to the invention, with the 
delivery assembly detached from the interventional device. 

[0035] FIG. 9E illustrates the delivery assembly of FIG. 9C with it being attached 

to the interventional device. 

Description 

[0035] "Distal" is used here to describe an end that is farther away from an origin 

of attachment. For a device that is at least partly implanted in a patient's body, its distal 
end is the end closest to an orifice on the patient's body through which the device enters, 
while its proximal end is the end deepest inside the patient's body. 

[0036] The device of the invention is designed to maintain the patency of a body 

canal while simultaneously minimizing contact with the lining of the canal and preserving 
the anatomy of the canal. To that end, a common feature of each of the embodiments of 
the invention described herein is a plurality of interconnected loop-like elements that 
form a flexible, elongated body portion for insertion into the body canal. These loop 
elements each resembles a closed or nearly closed figure. Each loop is made of a member 
curved or doubled over defining at least an opening. And each separate loop member 
passes through at least one opening of another loop, forming a plurality of interconnected 
loops out of discrete loop members. Besides the interconnected loops, the elongated body 
portion of the device of the invention may also include one or more non-loop segments. 



The interventional device of the invention further includes a proximal end-piece and a 
distal end-piece, both of which may serve as a retention device. 

[0037] For the elongated body portion of the interventional device of the 

invention, one source of flexibility arises from connections between loops where one loop 
connects with an adjacent loop at one of a variety of angles, allowing the elongated body 
portion to be reduced or extended to various pre-determined lengths. The other source of 
flexibility of the elongated body portion is the radial compressibility of the material used 
to manufacture individual loops. A delivery system for introducing the interventional 
device according to the invention is also provided herewith. 

[0038] Referring to FIG. 1, device 10 generally includes a proximal end-piece 20, 

a distal end-piece 40, and an elongated body portion 30. The proximal end-piece 20 and 
the distal end-piece 40 may serve as retention devices to hold the proximal and distal 
ends of the device 10 at a specific anatomical location. For example, a specific 
anatomical location includes but is not limited to the renal pelvis, urinary bladder, or a 
blood vessel. Each end-piece 20, 40 is depicted as an embodiment having a substantially 
spherical shape in FIGS. 1 and 2, however, the shape of the end-pieces 20, 40 include 
other embodiments known to the skilled artisan and are not limited to those illustrated. 

[0039] Referring still to FIG. 1, in an embodiment according to the invention, the 

body portion 30 includes a plurality of interconnected loops 33, which collectively 
resemble a chain. The length of the elongated body portion 30 is determined by the 
length of the body canal in which the interventional device 10 is to be inserted. For 
example, for positioning in the ureter of a patient, the length of the elongated body 
portion 30 of the interventional device 10, while varied from patient to patient, is 
typically about 14-20 inches, preferably about 16-18 inches. Each individual loop 33 
includes a loop member 35 that defines at least one opening 31. The loop member 35 
passes through at least one opening 31 of an adjacent loop 33 to make a connection 
between the two loops. The outside diameter of the loops 33 is determined by the inside 
diameter of the body canal into which the interventional device 10 is inserted. For 
example, for the ureter, the outside diameter of the loops 33 may be from about 0.026 



inches to about 0.263 inches, and preferably from about 0.039 inches to about 0.197 
inches. 

[0040] In a particular embodiment according to the invention shown in FIG. 1, a 

plurality of loops 33 is interconnected in a linear fashion. In this embodiment, each loop 
member 35 of each loop 33 passes through one or two loop openings 31. The loop 
member 35 of a proximal end loop 39a, illustrated in FIG. 1, passes through the loop 
opening 3 1 of one adjacent loop 33 and is joined to a proximal end-piece 20. The loop 
member 35 of the distal end loop 39b passes through the loop opening 31 of an adjacent 
loop 33 and is joined to a distal end-piece 40. Each of the loop members 35 between the 
proximal end loop 39a and the distal end loop 39b passes through the openings of two 
other loops. The proximal end-piece 20 and the distal end-piece 40 are each joined to the 
adjacent loop member 35 by soldering, welding, adhesive or by other means known to the 
skilled artisan. 

[0041] Referring now to FIG. 2, the elongated body portion 30 may include at 

least one non-loop segment 32 that is connected to at least one of the loops 33. The non- 
loop segment 32 may be any shape, such as a tubular segment or a spiral segment, and is 
not limited to the shape illustrated in FIG. 2. The non-loop segment 32 may be joined to 
the rest of the body portion 30 through a variety of connections. In a particular 
embodiment shown in FIG. 2, each end of the non-loop element 32 is joined to a loop 33. 
The loop 33 is in turn interconnected to other loops 33 in the elongated body portion 30. 
The non-loop segment 32 may be disposed at either end of the body portion 30 or 
anywhere between the ends of the body portion 30. 

[0042] The non-loop segment 32 in the elongated body portion 30 of the device of 

the invention may have a contoured or uneven surface. These surfaces are designed to 
prevent stenosis and to help maintain a passage for fluid. In one embodiment, referring to 
FIG. 3 A, the body portion of the non-loop segment 32 has an undulated surface. In 
another embodiment, referring to FIG. 3B, the surface of the non-loop segment 32 
includes a longitudinal groove 16. In yet another embodiment, the element 32 is made of 
a compressible material that allows some adjustment in its diameter. 
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[0043] Referring now to FIGS. 4A-4I, the loops 33 and loop members 35 of the 

elongated body portion 30 can be of any shape that helps maintain the patency of a body 
canal. For example, the loops 33 can be substantially oval as illustrated, for example, in 
FIG. 4A, or substantially circular as illustrated, for example, in FIG. 4E, or substantially 
rectangular, for example, as illustrated in FIG. 4D. Having multiple, discrete but 
interconnected loops 33 in the body portion 30 is advantageous over known devices 
because it minimizes mucosal contact between the interventional device 10 and the lining 
of the body canal in which the device 10 is placed while simultaneously holding the body 
canal open to allow fluid to pass around the device 10. 

[0044] In another embodiment, the loop member 35 may define more than one 

opening. For example, referring to FIG. 4C, the loop member 35 may define three 
openings 3 1 that are arranged parallel to the longitudinal axis of the body portion 30. In 
this embodiment, loop members 35 includes a middle ring 75 flanked by a first side ring 
77a and a second side ring 77b opposite the first side ring 77a. In this particular 
embodiment, each of the side rings 77a, 77b passes through an opening 3 1 of an adjacent 
loop 33. 

[0045] In one embodiment according to the invention, the loop member 3 5 may 

be closed, i.e., loop member 35 has no ends, for example, as shown in FIG. 4 A. In an 
alternate embodiment, referring to FIGS. 4G and 4H, the loop member 35 may be open 
with two unconnected ends 14a and 14b. A gap 12 is located between the two ends 14a 
and 14b. The width of the gap 12 indicated in FIG. 4G is less than the diameter 45 of the 
adjacent loop member 35 indicated in FIG. 4H, so that the adjacent loop member 35 will 
not dislodge from the loop 33. 

[0046] The loop member 35 in accordance with the invention may be made by, 

for example, bending a cylindrical length of material into a closed or nearly closed figure. 
In one embodiment, the cylindrical material itself may be twisted about its longitudinal 
axis, for example, as shown in FIG. 4E. The cylindrical piece may be solid, which will 
give it a substantially circular cross section as shown in, for example, FIG. 2. Or the 
cylindrical piece 35 may be hollow, including one or more lumens 34, as illustrated in 
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cross section in FIG. 4H. Materials used to manufacture the loop members 35 include, 
but are not limited to, nickel-titanium, polyurethane (e.g., Tecoflex® material), 
Flexima™ material, Perculflex® material, C-Flex® material, and silicone, for example. 

[0047] According to the invention, each loop 33 moves in the opening 3 1 of an 

adjacent loop 33 constrained only by the cross-sectional diameter of each loop member 
35 and the diameter of the loop openings 31. 

[0048] Referring again to FIG. 4A, two adjacent loops 33 are shown in more 

detail. In this embodiment, one loop 33 moves in a direction along the X, Y, or Z axis or 
a combination of any of the three axes within the confines of the opening 3 1 of an 
adjacent loop 33. That is, the loop 33 forms a flexible connection with the adjacent loop 
33 and can move in a plurality of axes. By having multiple flexible connections from 
loop to loop along the length of the body portion 30, the body portion 30 can conform to 
the contour of a body canal. The larger the number of flexible connections per unit length 
of the elongated body portion 30, the greater the flexibility of the elongated body portion 
30. Thus, for a more tortuous body canal, a larger number of flexible connections is 
desirable. Also, by having numerous flexible connections in the body portion 30, the 
body portion of the device 10 is automatically adjustable to changes in the shape of the 
body canal during normal bodily activities, such as during urination. 

[0049] An advantage of using a chain-like configuration for the body portion 3 0 is 

the volume of space that is generated between loops 33 for the passage of fluid. 
Referring still to FIG. 4A, a left loop 33a is shown to lie in an X-Z plane while a right 
loop 33b lies in an X-Y plane. The two farthest points in the Y direction on the right loop 
33b are points 71 and 72 while the entire left loop 33a lies in a plane orthogonal to the Y- 
axis. The two adjacent loops 33a and 33b do not have to be orthogonal to each other. As 
long as the loops 33a, 33b are not in the same plane, space is available between the loops 
33a, 33b for fluid passage. This feature according to the invention is an important 
advantage over conventional tubular stents because tissue ingrowth and stenosis may 
occur after operation is performed on the lining of the body canal. The chain-like body 
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portion of the device 10 according to the invention, minimizes the chance that fluid 
passage will be completely blocked by tissue ingrowth and sterosis. 

[0050] Referring again to FIGS. 4A and 4B, according to one embodiment of the 

invention, the loop 33b, moves within the opening of an adjacent loop 33a, when the loop 
33b, shown in FIG. 4A, experiences a force in the direction denoted by arrow "m." The 
combined axial length 80 of the two loops 33 a, 33b may be reduced by as much as a 
distance 37 shown in FIG. 4B. Therefore, when multiple loops 33 are linked together, the 
combined axial length 80 of the body portion 30 becomes adjustable. Because the 
combined axial length 80 of the body portion 30 is adjustable, it is easier for the 
interventional device 10 to fit into a body canal of a particular length. Moreover, the 
adjustability in the combined axial length 80 of the elongated body portion 30 allows the 
interventional device 10 to automatically adjust to changes in the length of the body canal 
that occur spontaneously, for example, when a patient moves from a sitting to a standing 
position. This feature of the internventional device 10 provides greater comfort to the 
patient. 

[0051] Referring again to FIG. 1 , in one embodiment of the invention, the end- 

pieces 20 and 40 of the interventional device 10 of the invention may serve as a retention 
device at their respective end. In one embodiment according to the invention, the cross- 
section of end-pieces 20, 40 have larger area than the cross-section of body portion 30. 
For example, a cross-section of the body portion 30 taken at the line "5A-5A" in FIG. 1 is 
shown in FIG. 5A, and a cross section of the proximal piece 20 taken at line "5B-5B" in 
FIG. 1 is shown in FIG. 5B. The cross-sectional diameter 21 of the proximal piece 20 is 
greater than the cross-sectional diameter 36 of the body portion 30. 

[0052] FIGS. 6A-6D illustrate embodiments of the end-pieces 20, 40. Referring 

now to FIG. 6A, in one embodiment, either the proximal end-piece 20 or the distal end- 
piece 40, is substantially spherical. In one embodiment illustrated in FIG. 6B, the end- 
piece 20 or end-piece 40, has three arms 43 that extend outward from the center of the 
elongated body portion 30 to stop migration of the device 10 in the direction indicated by 
the arrow "k." In another embodiment, the end-piece 20 or the end-piece 40, is a coil as 
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shown in FIG. 6C. In the embodiment shown in FIG. 6D, the end-piece 20 or the end- 
piece 40 may be an inflatable balloon connected to a source of fluid through an infusion 
channel 25. The inflatable balloon can be inflated or deflated through the infusion 
channel 25. 

[0053] Either end-piece 20 or end-piece 40 may be positioned at an anatomical 

location such as the renal pelvis 51 or the ureteral orifice 61 , illustrated in FIG. 7. 
Because the diameter of the end-piece 20, 40 is designed to be larger than that of the body 
canal, the end-piece 20, 40 will prevent device 10 from migrating in the direction "k" 
shown in FIGS. 6A-6D. 

[0054] The device 10 according to the invention is made of a bio-compatible 

material. In one embodiment, according to the invention, all or portions of the device 10 
may be made, for example, of a compressible material, such as a metal alloy (e.g., nickel- 
titanium) or a polymeric material (e.g., polyurethane). Additional suitable materials for 
the device 10 include Flexima™ material, Perculflex® material, C-Flex® material, and 
silicone. 

[0055] Referring again to FIGS. 4D and 4F, in a particular embodiment, the 

member 35 of loops 33 of the body portion 30 of the device 1 0 may be made of a 
compressible material that, when squeezed, deforms at least in one direction indicated by 
arrow "f." The material composition of the loop member 35 lends flexibility so that the 
device 10 is more likely to conform to the anatomy of the patient's body canal and lessens 
patient discomfort. Of course, it is not necessary that such compressible material be used, 
other materials, such as non-compressible metal, can also be used. In a particular 
embodiment, the device of the invention is made of a biodegradable material, and would 
not require removal from the patient. 

[0056] Referring again to FIG. 1, in a particular embodiment according to the 

invention, the interventional device 10 may contain one or more conventional radiopaque 
markers 2 to aid in more precise positioning of the device 1 0 in a patient's body canal. In 
a particular embodiment, the markers 2 are placed near the proximal end-piece 20 and the 
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distal end-piece 40 to indicate their positions. The radiopaque markers 2 can be, for 
example, a metal ring or barium sulfide embedded in the device 10, or the marker 2 may 
be a band of radiopaque ink painted on portions of the device 10. Alternatively, the entire 
device 10 or the entire body portion 30 may be made of a radiopaque material. 

[0057] Referring again to FIG. 41, the interventional device 10 according to the 

invention may further contain a drug-dispenser 17 for releasing a drug into the body. 
Drugs that may be dispensed by the drug dispenser 17 may include anti-microbial or anti- 
inflammatory reagents to prevent infection and/or inflammation of the body canal where 
the interventional device 10 is placed. Referring to FIG. 41, for example, the drug- 
dispenser 17 may be a drug-containing plug or disk disposed within the body portion 30 
of the interventional device 10. In this case, the drug-dispenser 17 is disposed within 
loop members 35 of the body portion 30 of the interventional device 10. In a hollow loop 
member 35, illustrated in FIG. 4H, for example, the drug-containing substance may be 
disposed inside the lumen 34 and dispensed through a lumen aperture 6 on the member 
35, such as the aperture 6 illustrated in FIG. 4G. 



[0058] Referring again to FIG. 4C, in another embodiment according to the 

invention, a drug-releasing coating 18 is deposited on portions of the device, for example, 
i on side rings 77a and 77b of the loops 33. In a particular embodiment, the coating 1 8 

|? releases the drug in a time-controlled fashion. The coating 18 may include a porous layer 

1j containing antibiotics such as ciprofloxacin and a rate-limiting overlayer that results in a 

constant, sustained release (C. Kwok et al, Journal of Controlled Release 62 (1999) 301- 
311). Such coating may include an antibiotic-containing hydrogel (J. Pugach et al, 
Journal of Urology (1999), v. 162, 883-887). Other examples of such coating may be 
found in U.S. Patent Serial Numbers 5,902,283 and 5,520,664, the entire disclosure of 
both incorporated by reference herein. 

[0059] FIG. 7 illustrates a method for using the device of the invention in a 

patient to treat a patient's body canal 55, for example, the ureter. A ureter 55 normally 
directs urine from a kidney 50 into the urinary bladder 60. The ureter 55 extends from the 
kidney 50 at renal pelvis 51 to the urinary bladder 60 at ureteral orifice 61 . The bladder 
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neck 65 funnels urine into the urethra. The triangulated area between the two ureteral 
orifices 61 and the bladder neck 65 is the trigone area 63. Once the device of the 
invention 10 is positioned within the ureter 55, as described below, the device 10 
maintains patency of the ureter 55 for passage of urine between the renal pelvis 51 and 
the urinary bladder 60. 

[0060] In an embodiment of the invention for placing and using the device 1 0 in 

the body canal, such as the ureter of the patient, the operator uses a trans-urethal approach 
and uses a guidewire and a cystoscope to aid in placement of the interventional device 10 
in the ureter. As illustrated in FIG. 7, the proximal end-piece 20 is positioned in the renal 
pelvis 51 and the distal end-piece 40 is positioned in the lumen of the urinary bladder 60. 
The elongated body portion 30 extends from the distal end-piece 40 in the urinary bladder 
60, through the intramural canal of the urinary bladder wall and the lumen of the ureter 55 
to the proximal end-piece 20 in the renal pelvis 51. Following positioning of the 
interventional device 10 in the ureter 55, the operator withdraws the guidewire. The 
interventional device 10 of the invention may be also placed in a body canal via other 
means such as a transcutaneous means, known to one skilled in the art. 

[0061] Still referring to FIG. 7, the interconnected loops 33 of the body portion 30 

maintain patency of the ureter 55 for urine passage. In addition, the body portion 30 
contacts the lining of the ureter 55 only focally compared to more conventional tubular 
prostheses that have full contact with the ureteral lining. Further, the flexible connection 
between loops 33 in the elongated body portion 30 permits the interventional device 10 to 
readily conform to the anatomy of the ureter 55, even during ureteral movements. With 
the tortuous path of the ureter 55 kept largely intact in the presence of the elongated body 
portion 30, vesico-ureteral reflux, which occurs primarily during voiding, can be 
prevented because it is more difficult for fluid to reflex up the ureter 55 when the tortuous 
path of the ureter 55 is maintained. 

[0062] Still referring to FIG. 7, the device 1 0 may be retained at the renal pelvis 

51 by the proximal end-piece 20. It may be additionally retained at the ureteral orifice 61, 
by the distal end-piece 40. Having an end-piece on both ends prevents the device 10 from 
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migrating, minimizing mucosal irritation and pain stemming from the sliding of body 
portion 30 within the ureter 55 and minimizing contact between the device 10 and the 
sensitive trigone area 63 of the urinary bladder 60. Moreover, the flexible connection 
between the loops 33 also allows automatic adjustment in the length of the body portion 
30, which helps to adapt the interventional device 10 to ureters 55 of different lengths or 
to changes in the length of the ureter during bodily functions. 

[0063] In another embodiment according to the invention, referring to FIG. 8, a 

delivery assembly 22, for example, a stylet 88, is associated with the proximal end-piece 
20. A retrieval suture 42, may also be associated with the distal end-piece 40, which may 
aid in the removal of the device 10 from the body canal. The retrieval suture 42 may be a 
thread, a ribbon, a wire, a tape, a suture, or the like. The retrieval suture 42 is attached by 
its proximal end 42a by means known to the skilled artisan, and the distal end 42b is free. 
The distal free end 42b may be grasped by the operator to withdraw the interventional 
device 10 from the body canal. 

[0064] Still referring to FIG. 8, in a particular embodiment of the delivery 

asembly 22, a stiff stylet 88 is reversibly attachable to the proximal end-piece 20 at an 
opening 28 in the proximal end-piece 20. The stylet 88 has sufficient column strength so 
that, once attached to the proximal end-piece 20, the stylet 88 can be pushed up a body 
canal 55, advancing the rest of the interventional device 10 along with it. The material 
used to manufacture the stylet 88 is flexible so that the flexibility of the interventional 
device 10 being delivered is not substantially compromised. Suitable materials for the 
stylet 88 include but are not limited to C-Flex® materials, or Flexima™ material. In a 
particular embodiment, the stylet 88 is associated with the device 10 only at the proximal 
end-piece 20, and is free of the body portion 30 and the distal end-piece 40. 

[0065] Referring now to FIG. 9A, in an embodiment according to the invention, 

the proximal end 23 of the stylet 88 fits into an opening 28 in the proximal end-piece 20, 
allowing an operator to use the stylet 88 to push the device 10 up the body canal 55. 
Once the device 1 0 is placed properly in the body canal 55, the proximal end 23 of the 
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stylet 88 can be pulled out of the opening 28 in the reverse direction as the style 88 is 
withdrawn from the body canal 55. 

[0066] Referring to FIGS. 9B-9C, in another embodiment according to the 

invention, the proximal end 23 of the stylet 88 is a male luer portion having spiral threads 
that fit into a complementary female luer portion of the opening 28 of the proximal end- 
piece 20. The male luer portion 23 is seated in the female luer portion 28 by twisting the 
stylet 88 in one direction. Once the interventional device 10 is placed properly in the 
body canal 55, turning the stylet 88 in the reverse direction will detach the style 88 from 
the proximal end-piece 20. 

[0067] In another alternate embodiment according to the invention, illustrated in 

FIGS. 9D and 9E, the proximal end 23 of the stylet 88 comprises a malecot A spring- 
tensioned wire 27 is connected to a proximal tip 29 of the stylet 88. Actuating the wire 
27 by pulling the wire 27 in the distal direction will cause the arms 24 of the malecot to 
extend laterally, seating the proximal end 23 of the stylet 88 in the opening 28 and 
preventing the proximal end 23 from slipping out. Releasing the wire 27 collapses the 
arms 24 of the malecot 23 and enables the operator to detach the stylet 88 from the 
proximal end-piece 20 and to withdraw the stylet 88 from the device 10. 

[0068] Variations, modifications, and other implementations of what is described 

herein will occur to those of ordinary skill in the art without departing from the spirit and 
the scope of the invention as claimed. Accordingly, the invention is to be defined not by 
the preceding illustrative description but instead by the spirit and scope of the following 
claims. 
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